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2/2 1/03 Revision 0. Initial Issic 

3/27/03 Revision I ,  With lievision Bas; 
Relead hold on Section 5.2, Scisnuc l;lanu~lability Contnd ProFu~l 
Expdod discussion for Seismic Quiescent Ti~ne Methodology 
Provided cl;uification for Section 5.5. Trulk Fill Limits 

8/21/03 Revision 2, With Revision B,m; 
&IS. # 6, # 8, and # 13 specify that dividing by the CLn_ grves units of % 
LIT, orcal be expressed in % hydrogen if nor divided by the Cm. 
Vrvlable Vv in sections 5.3.1, 5.3.3, 5.4.1 a ~ d  5.4.3 were updated to 
slxcify tha~ once in Gas Releae Mode, the actual vapor space is credited 
in flann~ibility evaluations (to deternine if in Gas Relem Mode the 
HLLCP is used to protect the vapor spnce) 
Updated references for interstitial ljquid renw\~:d and salt dissoldion 
activities in section 5.4.3 
Added discussion on salt-out potential to section 5.5 
Added implementation actions to section 5.5.1 to docu~r~nt a 6-nwnth 
tmsfer plan, which includes solubility / temperature pro-iections, and u.se 
this input, as well as Canyon projections, to evaluate the potential need to 
adjust the HLLCP to mai~itain tank classification 
Added implementation action to section 5.5.1 to state that waste tank to 
waste tank transfers shall be pree\'aluated in the S W 1 I . I  - W S  to ensurt, 
the proposed transfer has been evaluated in the 6nwnth plan and that the 
inputs renuin valid 
Revised Output Docu~nentation section to pernut the use of Type I and 
Type U calculations in compli~ce with the E7 n~mual 

12/05/03 Revision 3, Added progarunatic controls to Sec. 3.2 to ensure that only 7 tLank,s can 
becon= flanunable in less than 24 hours and only I4 taAs can hecome 
fla~iunable in less thm 7 days following a seismic event 
Provided opoon to perform 12 vapor space tunlovers or nkasure 
hydrogen in vapor space with LFL monitor (Sec. 3.3,3.1,5.3.1,5.3.4, 
5.4.1) 
hl section 5.1.1 under the heading labeled "Variable &21', an 
option is provided to perfoi~n an engineering evaluation to set 
rnaxin~u~n tenlperahlre l h t s  as opposed to [sing supemate 
temperature designated by the Connsion C O I I ~ ~ ~  P r o p n  
Definition of very slow generation tanks is changed in Sec. 5.1.2 to stile 
that renwval of fm slipemate over saltcake and settled sludge Itmy cause 
very slow generdtion tanks to reach 100% LFL 
Changed wording in Sec. 5.2.2 to allow empirical data to ~ m u t  operation 
of less than four slurry plnpdmixing devices a~ld still clairn adequate 
niixing occurs to deplete the talk's trapped hydrogen inventory 



In .';c.ck. 5.1, ;altkrl \vonlinp to rvcog~~iz~ tIi;it I T ; I I I ~ . X ~  Iiyclrng~~i is IYIC;I:C(I 
l'rcxn sl~rclgc. during frvc aqxnt;tle rcnx~\';tl imd ;~dclul sc~tic H I  011 liw 
slrlxrnatc n.11uwa1 
Ailclcd ir11plcrncr1tiitior1 actiot~ r ~ u ~ i ~ l x r s  4 ruld 5,  ~ ~ h i c l ~  adtlr-css fr-cc 
supmate rxnloval fium .settled sludgc tiuks to Sex. 5.3.4 
In Secs. 5.3.3 and 5.4.3, i&cd rquirvnlent to rnsim: 2581 LIT is 
not e x d d  during stepwisc hydrogen relea% activities iasurning 
loss of ventilation 
In Sec. 5.4 added wording to rcog~izl: that trapped tlydrogen is relc;~wd 
fro11 I salt during fm alpemate renwval rmd ndded sectior~ on frtr 
supematt renmval 
Renmved ~ransfers out of salt tmks (where final transfer level nl;iiritains 
supemate layer covering bulk .saltcake) as insignificant activity from Sw. 
5.4 
Removed implementation action nun~ber 5 frorn Sec. 5.4.4 
Added implen~ntation action numberj 5 and 6. which address fke 
supeniate rermval from salt tanks to Sec. 5.4.4 
Changed reference 26 in Sec. 5.5 
In Sec. 5.5.1, modified irnplernentation actions nurnber 6 and 8 to state 
that waste tank to waste tank transfers m only evalimted in the waste 
transfer evaluation and approval procediue and deleted wording in 
number 6 that referred to thf: solubility rnodel not being valrdated 
Elaborated on discussion of Renwved from Senice t a n l ;  in Sec. 5.6 
Ch'mged '4 references of SW 1 I .  I -WTS to waste wmsfer e\ duation md 
approval procedure 

3/2/04 Revision 4, In Sec 5.1.1 under the heding labeled "Variable Qu", added discussion 
on using dip sanlples for NOd values when applied to supernate, sludge, 
and salt layers to satisfy both corrosion and flanumbility purposes 

Also added a discussion stating that all hydrogen generated is assunled 
released to tank's vapor space for time to LFL evaluation in Sec 5.1.1 

Added an assumption to the Seismic Time to LFL Methodology 
stating that post seismic trapped gas release assumes no gas 
retention for settled sludge and salt cake tanks (Sec 5.2.1) 

Added 'an assumption to the Seisnlic Quiescent Tine Program 
stating that in slurried sludge tanks all hydrogen generated is 
released during the seven days into the waste tank vapor space 
after sludge agitation is stopped (Sex 5.2.2) 

12 vapor space hunovers or nxxisuring H:, in vapor sprlce with LFL 
nmnitors are n d  needed for insipifi~ult sludge [nixing nctlvities. 
Thereforz: for evaluations which protect 25% LFL. 12 vapor spa= 
tumoverj wc)i~ld reduce hydrogen cnncenk)tion to 2.5% LFL (SK 5.3.2, 
5.4.2) 



tior i\i;i.;te tiuik wit11 I 90 illches of slumc~l sIudge deptli, 50'5% of the, 
Ilydrogen generated is reti~ild in tlw sludge. For wrb-te tank\ with > %) 
i~iclies of slumed sludge depth, 100?b of the liydrogen generated is 
rctailul in the sludge ((Sec 5.2.2, 5.2.2.1). Adtld refer~nce 28 to Sex 0.0 

Wliile In the Pump Run Progm an actual hydrogen retention rate can 
be cdculated usimg a second order polynonud quation (Sec 5.3.3) 

lncludd siphon potelitid waste transfers associated with free supenlate 
renxwal (Sec 5.3, Sec 5.4) 

I J ~  Str 5.5 char~ged the numbering of (lie Flamnxibility Level Equation 
horn 15 to 16 

Added implementation action to section 5.5.1 to state that for aU 
waste tanks the Waste Tank Structural Integrity Cog Engineering 
function shall maintain a reference docu~nent(s) of current 
overflow linlits, structural integrity limits, and lowest known leak 
sites (only for smgle wall tanks) 

Added reference 29 to section 6.0 

Updated reference I in section 6.0 

1 1/30/W Revisiori 5 ,  Added Section 5.7 to describe (he Compressor Lube 011 Propn ,  added 
reference 30 

Added irnplelnentation item #8 to Section 5.1.3 to detail the periodic 
npdates rnade to the facility regarding flammability Stabs 

1211 3/04 Revision 6, Revised for 6070 Gas Release Mode DSA/TSR change package 

In Section 6.1.1, Variable QH2, sample frequency and grace 
period for variable depth samples is same as Corrosion Control 
Program 

Added last sentence in Section 6.1.2 to state that if Tank 
15 is re-wet, talk classification must be revi,sed 

In Section 6.5.1. changed #7 to read Tank Faml influents shall be 
uwted monthly.. . 

Added Section 7.0, entitled "Gas Release Mode Best Management 
Rxtice" 

Added ~rfcrence for por-r;~ble and installed hydrogen rnonitols 



Cl:uilicd Secrion 4.3 concerning GRM ~,ur~il> nlns i u ~ d  wllich linlirs 
('TSK o r  SAV) Ulcy prorccr 



I 
'l'lle s;~l'ct y I ' L I ~ I L ~ ~  ion 01- I llc. C'OIIC~II~I-iition, Srori~gc ant1 TI-nnsl'cl- Facilities (('SFI'F) 
Fla~llmahility Contr-ol 1'1-ograrn is ro pr.otcct 1l1e anticipa~cti rinlc.; to reach tIie 
1,ower Fln~nmill>ility 1,imit (l,FL,) in individual u.aslc lanks, tllercby l~rcveriting 
waste tank cxl,losior~s. 

This Progr-an] Description Document (PDD) describes the implernentation plan 
for the CSTF Flammability Control Program, rncluding thc following ancillary 
pi-ogralns provided for- by the CSTF Documented Safety Anrilysis (DSA)': 

Waste 'Tank Quiescent Time Program, 

Pump Run Progr-a~n, 

Salt Dissolution/lnterstirial Liquid Rernoval Program, and 

Tank Fill Limits 

Compressor Lube Oil Prograrn I 
Additional controls deemed necessary by program management are also 
descr-ibed. 

This PDD provides background infornlation and describes attributes of the 
Flamn~ability Control Program in sufficient detail such that procedirres 
implen~enting flanlmability control can be developed. 

For activities where entry into Gas Release Mode is required (refer- to Sections 
6.3.1 and 6.4.1), the TSR hydrogen concentration limits (considering only 
radiolytic hydrogen generation) shall be established by the Flamn~ability Control 
Program and shall ensure the minimu~n time to LFL, defined by the tank 
classification, is maintained2. TSR hydrogen concentration limits are established 
by the Flan~n~ability Control Program according to the safety analysis value 
designation of a given tank. Safety analysis values cannot be less than 25% LFL 
and cannot exceed 60% LFL. In order to detennine the TSR hydrogen 
concentration limit, which shall be docunlenteci in the ERD, the designated safety 
analysis value is reduced to account for potential organics and i'nstnlment 
uncertainty. Additionally, for tanks that require entry into Gas Release Mode, an 
ala-ln setpoint will be required to ensure the TSR hydrogen concentration limit is 
not The TSR hydrogen concentration limit will be designated in the 
ERD. Once the ERD is approved, this will drive the revision of the lnstnl~nent 
Scaling and Setpoint Docun~ent, which will allow implernentation of the required 
indicated hydrogen concentration reading and/or alarm setpoint in  the facility. 
References 4, 5 ,  and 6 1,rovide instrument uncel-tai~ity valtles I,r a range i n  
viu-ioirs safety analysis values, whicl~ arc eml~loyed to iletcrmine the TSR 
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co~lcentr:itio~l li~nit hasecl on 11lc v;~l,or. sl,accx volrinlc protcrt~tl Ily tllc uJ;istc tarlk 
I-!LL,CP'. Thc 'I'SK Ilytfrogcn concc~l~r.ation limits sllall hc o n  ;In inc1ividrr;tl I ; \ I I ~  

hnsis and sl~:ill consider any proposed acti vil ics h a v i ~ ~ g  the pc?tenti a! to r.clc.;isc 
trapped gas (e.g., sludgc agitation, salt dissolution, interstitial liqirid I-ernov;~~)'. 

7'he CSTF Flam~nability Control Progriim applies to all u:;iste storage tanks due to 
the presence of hydrogen and potentially fl:imrnable orgiinic vapol-s. Tank 48, 
which is outside the scope of the flammnbility progr-am, and tar~ks Removed fro111 
service7, deactivated (e.g., Tank 16) or closed (e.g., Tanks 17 and 20) are 
excluded from the program. The criteria for lnecting the flammiibili~y 
requirements of the Removed from Service Mode are descl-ibed i n  this PDD. 

Administrative controls will be irnple~nented through ths  progrun to con~rol mixing 1 
devices, salt dissolutio~>, interstitial liquid removal, 'and free sirpemate removal operations to 
limit hydrogen releases into a tank vapor space. The control w]iriren>ents iue separated 
into the following general categories: 

Loss of Ventilation Fla~nmability Control Program 

Seismic Flammability Control Program 

Sludge Hydrogen Release Activities 

Salt Removal Acti\lities 

Tank Fill Limits 

Waste Tank Removed from Service Flammability Requirements 

The following sections describe the program attributes for the general categories 
provide the Technical Safety Requirement (TSR~' and DSA Chapter 5 
Administrative Control (AC) references, where applicable. 

4.1 Loss OFVENTILATION F~AMMABILITY CONTROLPROGRAM 

A Flammability Control Program addressing loss of ventilation shall be 
established. The progmm shall include the following minimum attributes: 

Programmatic controls shall be established to ensure that i t  takes a 
minimum of seven days upon loss of waste tank forced ventilation for any 
tank vapor space to increase from 25% to 10070 LFL due to radiolytic 
hydrogen generation. (TSR AC 5.8.2.27) 

The F1;lrnlnability Control Progranl sh:~ll determine :~nd 11-;ict the time lo I 
1,FL in each waste tank in order to determine the individual waste tank 
flammability clussification (RapidISlowlVery Slow). (DSA Section 
5.5.4.2.27). I 



l'he l. ' l;~~n~ni~hility ('ontrot I'rogriinl is cl-cditcd will1 tracking Ihc tiulc 1 1 )  I-C;IL,II 
LFL following ;I seisn~ic cvcnt. The program shall incli~tle I he l '~llo\ring 
iit tributcs: 

Dcternlinc and track wllich waste tiinks may becolnc flanlmahle (i.c., 
increase from 25Y0 to 100% LFL), due to the contribi~rion from trapped 
gas and radiolytic release, in  less than seven days upon loss of waste tank 
forced ventilation (post seismic). (TSR AC 5.8.2.27) 

Prograrn1n:itic controls shall he established to ensure that only 7 tanks can 
become famnlablc in less tlla11 24 hours follo\v~ng a selsmlc event 
(ass~llning no ventilation and including the effects of post seis~nic trapped 
gas release). (TSR AC 5.8.2.27) 

Psogralnrnatic controls shall be established to ensure that only 14 tanks 
can become flanilnable in less than seven days following a seismic event 
(assuming no ventilation and including the effects of post seisrnic trapped 
gas release). (TSR AC 5.8.2.27) 

Programmatic controls shall be established to ensure a path forward is 
provided to DOE (addressing the additional risk and reco\,ery t i~ne)  i f  3 

transfer required to mitigate a tank leak causes additional tanks to halye the 
potential to become fla~nmable in  less than seven days following a seismic 
event. Suhlnittal of the path forward is not sequired prior to initiating the 
tra~isfer. (TSR AC 5.8.2.27). 

Programmatic controls shall be implemented to periodically operare 
tank mixing devices to limit the anlount of trapped gas that could he 
released during a seismic event, such that the waste tank does not beco~ne 
flalnn~able in less than seven days following a seismic event. These 
controls shall be applicable to a waste tank following the initial depletion 
of trapped gas from the waste as a result of mixing operations. (TSR AC 
5.8.2.28) 

The program shall determine the quiescent period and shall be based on the 
hydrogen retentionll-elease metl~odology discussed in the DSA, Section 3.4.2.1 1.1. 
The program shall also address the requirements for declaring hydrogen depletion 
success for a given tank quadrant (e.g., slurry pump nln times and speeds, nunlber- 
of pumps required to pel-form the safety function). 

Programmatic controls shall be implemented to ensure that: 

The waste tank vapor space hydrogen concentration is less than 01- equal to 
tile initial value assulned in the hydrogen release Engineering Evaluation 
prior to initiating nlixing activities. This may be achieved by an adequate 
number of vapor space turnovers and/or hy com]~aring the tank L,F12 
I-ezrding to n reading obtained using a knou'n LFL concentr;ition. I f  the 
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will1 tlrc rccl~ri~-c~nc~rls 01' I<el?rcncc ti. ('I'SI< A(' 5 . 8 . 2 . 2 0 )  

When i\ tirnk is i1-r (;as Rcleasc Mode, the ol~erirtion of' w;isle tank mixing 
tleviccs li~ilits thc pltinned rclcasc o f  trnpl~ed Ilydrogcn sucl-r tl-rat lhc vapor 
spacc hydrogcn concentration does not cxcccd the liydrogcn concentration 
safety analysis value. (TSR AC 5.8.2.20) 

When n tank is in Gas Kclease Modc, the ope.ri~tion of waste tank mixing 
dcvic-cs will prevent n b~~ildul- ,  of gas withi~l the sludge so that a self- 
propagating relcase of gas does not occur within the sludgc. 

TIre wxste t a n k  TSK Ilydrogen conccnira~ion limit and/or alarm sctpoint 
are documc~lted in the ERD'. The safety analysis value shall protect tlre 
tank's classificatic,n (Rapid, Slow, or  Very Slow) time to LFL, but not to 
excecd 60% of the LFL. The documented TSR 11ytl1-ogen concentration 
limit sha11 account for potential organics, alann setpoint IIICI-enrent 
limitations, and instn~nrent uncertainties. (TSR AC 5.8.2.27) 

Progr-ammatic conrrols shall be implemented to ensure that: 

. The M;astc tank vapol- space Irydrogen concentration is less than or  equal to 
the Initial value assulned In the hydrogen release Engineering Evaluation 
prior to initialing salr I-emoval activities. This may be achieved by an 
adequate number of vapor space turnovers and/or by cornparing the rank 
LFL reading to a reading obtained using a known LFL concentration. If 
the flammable vapor concentration method is implemented, the 
methodology used to determine the flammable vapor concentration shall 
be consistent with the requirements of Reference 8. (TSR AC 5.8.2.30) 

When a tank is in Gas Release Mode, the rate at which salt is dissolved or 
interstitial liquid is rc~novcd from saltcake does not result in exceeding the 
hydrogen concentration safety anaIysis value. (TSR AC 5.8.2.30) 

The waste tank TSR hydrogen concentration limit is documented in the 
E R D ~ .  The safety analysis value shall protect the tank's classificatio~~ 
(Rapid, Slow, or Very Slow) time to LFL, but not to exceed 6070 of the 
LFL. The documented TSR hydrogen concentration limit shall account 
for potential organics, ins tn~~nen t  uncertainties, and alarm setpoint 
increment limitations. (TSR AC 5.8.2.27) 

Progra~nmatic controls shall be implemented to ensure that: 1 
Engineering I1 : t I l  deter~nine the WLI>CP sclpoint fc~r each waste tank ;tlrd ( 
document the vallies in the Iligh Le\*el Waste Emergency Response Data and 
Waste Tank Status Data (ERD)'. The valucs stated in tlre ERD shall account I 



,- I lle Hl,I,C'P sc~poi~lr lor e:lcll \v:tste tank sl1;lIl hc deterlnincd and subscc~~1e111 l y  1 
documented in the EKD. Tile ~,tlhlislled value shall protect the most consenlative 
of the following (accounting lor lllc maxirnum anlount of waste associated with ir 

11-ansfer error event [i.e., 15,000 gallons] and instn~mcnt uncertainties): 

Ovcrflow Limit 

Tank Classific~ition Level (used for time to LFL calcr~latio~ls) 

Siphon Limits for Tanks 1 and 2 

Stn~ctural Integrity Limit 

Lowest Lcak Site for Single-Wall Tanks 

Flammable Transient Limits Due to Trapped C;as Release 

The parameters defining the Removed from Service Mode are documented in 
Chapter 5 of the DSA. This PDD describes the criteria for meeting the 
flammability requirements of the Removed from Service mode. 

The inputs used for the CSTF Flammability Control Program include the 
following: 

Vapor space and trapped gas temperature limits used in the flammability 
calculations are imposed by the supernate temperature limits in the' 
Corrosion Control ~ r o ~ r a n l ~ .  As an alternative to using the col-rosion 
control supernate ten~perature limits, an engineering evaluation rnay be 
performed to set maximum flammability temperature limits (refer to 
Reference 10). These temperature lilnits are used to col~ect  the 
flalnmability calculations to account for temperature variations. For tanks 
with no specified supernate temperature limit, a maximum temperaillre 
lirnit of 50°C shall he used for the flammability calculations. 

Unless otherwise noted, dissolved hydrogen contributions are not 
considered because of the following: 

Typical of waste tanks, small temperature increases correspond to 
insignificant amounts of dissolved hydrogen released. 

Waste agitation from seismic motion will release insignificant, i f  
any, quantities of dissolved hydrogen, per the DSA, Section 
3.4.1.5.3. 

Dissolvccl hydrogen release due to mixer operation is not a prornl't 
release, per the DSA, Section 3.4.1.5.3. 
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5.8.2. 15) sllall con~l-01 tllc Iliimniirhility contr.ihtrrion ol' organics I-cccivctl 
into CS'I'F locations. Tlic organic contribt~tio~l is i ~ c o l i n r ~ d  1.01- i l l  thc tilllc 
to LFL c:rlculations. Within CSI'F, vcry minor, if any, organics itrc ntitlecl 
(e.g., deloamers lor e\laporators) and arc fully covered by the 5% LFL 
assigned l'or organics by the following programs: 

Thc Chcmical Inventory Control Program sllrill provide control 
over ncw matcricrls brought illto the facility. (TSR AC 5.8.2.17) 

'rlie Co~npl-essor Lube Oil Control Program shall PI-event the 
introduction (via air conlprcssors) of significant Ilarnmable viip()rs 
into analyzed spaces (e.g., evaporator pots, evapc)rator cells, 
transfer facilities, waste tanks, and waste tank annuli). 
(TSR AC 5.8.2.45). This program is described in Section 6.7. I 

Flamnlability calculation inputs are dependent on the Waste 
Characterization System Administrative Program1'. The input parametel-s 
and corresponding outputs for the fla~nmability control program 
calculations are revised at the frequency that the Waste Clial-acterization 
System is updated. Such updates capture the Flan~mabil~ty Control 
Program requirements through the ERD linking proced111-e (SW I 1.6-SVP- 
ERD). 

The objective of this section 1s to describe the administrative control requirements 
to evaluate the mlxture of flammable gases in the waste tank vapor space such 
that, upon loss of ventilation, at least seven days are available before the waste 
tank reaches 100% LFL, considering only radiolytic hydrogen generation.' The 1 
Flammability Control Program shall provide administrative controls to determine 
and track the time to LFL for each waste tank, including administrative control of 
tank contents and operations. Rapid and Slow flammability classifications are 
designated according to the time i t  takes to go from 25% to 100% of the LFL. A 
Very Slow Generation flan~mability classification designates tanks that reach their 
equilibl-ium concentration at less than 100% LFL; therefore, the times to LFL are 
infinite and Very Slow Generation Tanks are exempt from ventilation 
reqnirements (except for best management practice as discussed in Section 6.1.2). 1 
However, during free supernate removal in Very Slow Generation Tanks, specific 
volumes of saltcake/setrled sludge will cause the vapor space to reach 100% LFL; 
therefore, free supernate removal is prohibited from these ranks. 

I>issolvcd gas rclc;iscs 1'1'-o~n Jerted 11-nnst'ers and frec licjt~id removal are not 
considel-ed in  thc loss of vcntili~tion time to 1,F1,. 



I 
Ilytlrogc~i is ~ i : t ~ ~ r r - ; ~ l l y  hrtoy;rlit in : ~ i r  ;~nd clifl'i~s~s reildily; llicrcli)re, hytlrogCll 
I - C I C ~ I ~ C ~  l o  \,:IIN}I- S~:IL.CS l ' r o ~ ~ ~  ~r;\t i ioty~i~ t!cco~ii~>ositio~> 1s ;~ss~II)>c[! to hc \\!cl] 
rnixcd (ic. .  110 Iiydr-ogcli Iaycril~g) and  only bulk hytfl-ngcn concentr:ttions 
conhidcrctl. 

'T'he DSA recognizes atmosj~heric breathing as a realistic transport mechanism for 
tlanimable VijlIors i n  (he loss of riorlnal tank ventilation. The following derivation 
(Ref. 12) provide?; the Flammability Control Program time to LFL equation which 
accounts lor the effects of :r~mos~~heric breathing: 

C,,, - 
QHZ + Q - I n  

Eq. # I Time to LFI, = 
QH2 + Q 

Where, 

C I , F ~  = cofrectt'd hydrogen concentration at 100% LFL (see Eq. # 2) 

yo = initial hydrogen concentration (defined by the designated tank 
specific safety analysis value), including temperature and 
organic corrections (see Eq. # 3) 

QHZ = telnperature corrected hydrogen gene]-ation rate, ft3/hr 

Q = atmospheric breathing rate, ft3/hr (see Eq. # 4) 
Vv = vapor space volume, f tvsee Eq. # 5 )  

The LFL for hydrogen is 4.0% by volume (0.04-volume fraction) at room 
temperature conditions (i.e., 25°C). Since the LFL is temperature 
dependent, the LFL is adjusted for the various temperature conditions 
found in  the CSTF using the Burgess - Wheeler ~ a w . '  The Burgess- 
Wheeler Law provides an empirical correlation to correct the LFL to 
account for temperature variations. The Burgess - Wheeler correlation is 
documented in Section 3.4. I .  1.2 of the DSA. 

The organic LFL contribution required by the DSA is 5% of LFL 
equivalent hydrogen concentration. The LFL is 4.070 at ambient 
conditions; therefore the equivalent hydrogen concentration for the 
organic contribution would be 0.2% (0.002-volume fraction). This 
corrcctioir factor is used to account for trace organics found in a waste 
tank. The LFI,, co~rccted for organic and tcmperatilre, is determined by 
using thc Rirrgess - Wheelci- cori-elation and subtracting the organic 
contribution, as follow.\: 



o(' z= the ol-ganic contrib~rtion et11rrv;rlent hydrogen concenlration 

(i.e., 5 '%I of' ILFL2SC-) 

The \ G I I I I ~ ~  ~rsetl i n  llie tenlperatitrc correction calculations are the 
supel-nntc ternpcrature limits designated by  he Corrosion Control 

9 Progr-;rn~ . As iin allcrn:~livc to using supernate temperature limils, an  
engineering evnl~lation may be performed to set maximum temperature 
lirnits (refer lo Reference 10). The vapor space telnperature is ;rssurned to 
be the same as the liquid sirrface. 

Using the s;rmc hasis as thr CLI-L calculation (Eq. #2) for temperature and 
o r p n i c  con'ection, the corrected initial I~ydrogen concentraLion is: 

Eq. # 3 Po = yoc?sc, ': [ I  - A (T - 25) ]  - OC 

Y o ( 2 j ~ )  = initial hydroge~l corlcentration at X°C,  

A, T, and OC ar-e as i n  Eq. # 2 

Many of the accidents are assumed to occur at elevated temperatures; 
therefore, the hydrogen generation rate is corrected for the higher 
temperatures using the Temperature Corrected Hydrogen Generation Rate 
nlethodology in Section 3.4.1.1.2 of the DSA. The values used in the 
temperature correction calculations are the supernate temperature limits 
designated by the C o ~ ~ o s i o n  Control ~ r o ~ r a n ~ ~ .  As an alternative to using 
supernate temperature limits, an engineering evaluation may he perfonned 
to set maximum temperature limits (refer to Reference 10). The effective 
ion concentration (NOerf) of the tank supernate is equal to the, nitrate 
concentration plus one-half of the nitrite concentration. To address the 
potential for unevaluated additions to the tanks, the NOerr is diluted by the 
addition of 15,000 gallons of uninhibited water to account for maximum 
missing waste. This application o f  maximum rnissing waste hounds nlinol- 
fricility 01x1-ations. Olxrational processes include occasional small 
volurne water ndtiitions to. the waste tanks. Sources of these additions 
include  tinwa water, sump soIutiorls, eqi~iplt~ent fli~shes, i111d 
decontamination solutions. 'Tllese additions do not significantly alter the 
bulk chemistry 01' the \vastc illready present in the tank. Water ~idditions 



Tinrc to I,I;I_ c \ . : ~ l \ ~ i ~ t i o n  asqrlrnes that thc \v;rstc i h  ; i t  cyr~ilil>l-iu~rl 1'01- 

hydrogcn I-etenticln. tlicrcl.ore ; r l l  the h y d r o g e ~ ~  gc:ncxratc,rl is :rss\~mctl lo Oc 
releasetl into the \iJnste tank vapor spacc. 

Apl~lication of tlic Corrosion Control Proel-nm ctip san1111e analysis for tllc 
effective ion concentration (NO.rr) values applied to slrpernate, sludge, ant1 
salt layers is a conservative practice, which ~ninimizcs the number of 
samples required to satisfy both Corrosion and Flammability Control 
Programs. Alternatively, variable deprh samples offel- n more 
repr-esentntive analysis of NOcfr for fliln~rlrability purposes and are 
acceptable for use i n  the Flammability Control Prograni evaluations i n  lieu 
of dip siimple analysis. This will he especially true of waste tanks where 
supernate stratification is suspected (e.g. evaporator feed tanks, drop and 
vent tanks, low density transfer into high density waste tanks, and 
rainwater in-leakage into waste tanks). The variable depth samples used 
in flammability calculations \vill be subject to the same requirements !i .e., 
sample frequency and grace period) as the dip sample analysis in the 
Corrosion Control Program (refer to Reference 9). 

For sludge waste ivithout a supernate cover. the scavenger concentrations 
used are minimum values based on joint sc)lubil~ly. The NO,I.f tel-m for 
these tanks is conserva~i\;ely assomed to be 1 . 4 5 ~ . "  

The scavenger concentration, NOfff, used i n  dry salt tanks is based on the 
most recent sample results. As the evaporation process occurs in a salt 
tank, the supernate lager above the salt increases in  salt concentration as 
the liquid level recedes into the salt phase as interstitial liquid. 
Evaporation tends to increase NOerr i n  the remaining liquid. Therefore, 
using the latest sample results is conservative. 

The calculated hydrogen generation rai,e is for standard temperature and 
pressure (STP: 0°C and 1 atm). 

Atmospheric breathing reduces the hydrogen buildup in  the vapor space 
and is therefore credited in  this program. No specific controls for 
atmospheric breathing are required, since the design of the cell covers, 
penetrations, riser plugs, etc., is such that the locations- crediting 
atmospheric breathing will have more than enough of such extremely 
small openings.' The atmospheric breathing assu~i~p t  ions and 
methodology are established in the DSA, Section 3.4.1.5.5. The 
correlation for atmospheric bre:ithing rate is determined using the 
following equation: 



Whcrc, 

mean alrn. F luc~ua~io~l  = mean pressure Il~~cIu:rtio~l, ~nbi~rltfny 
( i t . ,  5 mb:tr/day) 

The High Liquid Level Conduc~ivity Probe (I-lLIACY) setpoint is credited 
for protecting the vapor space voli~rne used to determine loss of ventilation 
time to LFL and flammability classifications. Although the acti~al waste 
level will be less than the HLLCP, its use provicles a consel-vative basis 
utilizing credited level detection equip~nent. The following equation is the 
vapor space volunle calculation, in cubic feet: 

Eq. # 5 VV = [VT - (Flammability Level * Ff)] * 0.1336 ft3 1 gal 

Where, 

VT = total Tank Vapor Space Volume (empty lank), 
gal 

Fla~nn~ability Level = establishes the credited vapor \~olulne used to 
PI-otect the Tank Classification, in (see Eq. # 

16) 
F f = fill factor, gallin 

The adjusted fill factor is applied as an algorithn~ to reflect varying fill 
factors that adjust the established tank calibl-ations as a result of the 
displaced volume of the support cone in the upper part of the tank, as 
a p p l i c a b l e . ' 4 ~ 1 ~ ~ e  nominal f i l l  factor (Ref. I) may be used to calculate 
the waste volume. Application of the nominal fill factor in this way is 
conservative because the fill factor overestimates the waste volume. The 
Flammability Level accounts for maxilnurn missing waste volume and 
instniment uncertainty. The instniment uncertainty values are based on 
conductivity probe uncertainty calc~~lations (Ref. 16, 17, 18, 19,20). 

The flammability classifications are designated according to the time i t  takes to go 
from 25% to 100% of the LFL following a loss of ventilation: 

Rapid Generation Tanks - Waste storage tanks thr i t  have been determined to 
gos from 25% to 100% (of the LFL in less than 28 days follo\~~ing a loss of 
ventiliilion. 
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Slo\v (.;c:ncr;~ltoti 'l'ariks - W;ISIC stor;rFc tanks Ih;lt Iiilvc t)cc.n ~lclcrrllinc.cl 10 
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loss of vc~~tiI:itio~i. 

Vcry Slow (3encration Tanks - Waste storiigc tanks that Iinve hcen dctcrlnincd 
to r~evcr rcacl~ 100%) of tlic LFL, considering atmospheric l)reatliing. 

'Tile above cl:tssitica~ior~s only perlain to tanks where there is no sludge agitation 
;ind/or salt removal activities taking place (i.e., tanks not in Gas Release Mode). 
For tariks where sludge agitation and/or salt removal activities are planned, 
flammability classifications are designated as the time i t  takes to go from the 
safety analysis value to 10070 LFL. All tlanimability classifications arc based on 
the time to LFLcrllculations using Eq. # 1. 

Very Slow Generation Tanks are shown by calculation to never reach 10070 of the 
LFL. However, during free supernate removal in Very Slow Generation Tanks, 
specific volumes of saltcake/settled sludge will cause the vapor space to reach 
100°h,LFL; therefore, free supernate removal is prohibited from the tanks that 
contain greater than these specified volumes of saltcake/settled sludge. The 
hydrogen concentration at equilibrium conditions with radiolylic producrion is 
represented in the follo\ving equatioli: 

Where, 

C L F ~  = corrected hydrogen concentration at 100% LFL (see Eq. # 2) 
J 

Q l j 2  = tetnperature corrected hydrogen generation rate, f t -  Air 

Q = atmospheric breatliing rate. ft3/hr (see Eq. # 4) [By substituting I 
ventilation flow rate for Q, the hydrogen concentration at steady 
state equilibrium is determined for Slow and Rapid Generation 
Tanks when accounting for \lentilation.] 

Equation # 6 is expressed in  units of % lL,FL,, or can be expressed in % hydrogen 
if the equation is not divided by the CLFL. 

No forced ventilatioll is required by the DSA. National Fire Protection 
Association (NFPA), National Fire Code 69'' requirements do not apply if 10070 
of the LFL cannot be reached. Norrnal tank breathing will prevent the tank vapor 
space from reaching a deflagrable condition. 

Best management practice will be to require verltilation (installed or portable) to 
operate on Very Slow Generation Tanks undergoing jetted transfer receipts (due 
to steam used in a steatn jet tr:insfer) because of the potential of dissolved 
hydrogen contril,utions ahove ~ h e  hydl-ogen equilibriutn to result in gt-eater tlian. 
or rc(u;il to, 10W% of LFL. The exli:u~st fan sliall be operatitig and ~ilignecf for tllc 
duration of the ~ritn%li-l-. 



.l'l~c c.;~lcul;ltc.tl I\yci~.ogcn coricx~nlr;ltiori slii~ll ~-c.;lc.li c*c l i~ i l i l )~ - i~ rn i  co~lciilion 1'01- 

Very Slo\v (;crlc~r:~tio~~ 'I';~rlks ;I! I C ~ S  tti;111. 100%) 01. lllc l , I : l > ,  l)y cicl~i~iiliorl. 
Iiowcvcr, tlurillg 1 . 1 . ~ ~  sul~cr-n;l~c rcnlovirl iri Vcry Slow (;c~ic:r-;ll lori l'ariks, sl~ccil'ic 
\iolurlics of s;illcahc/sclrlctl s l ~ ~ d g c  will c;11isc the vapor- sl,;rcc 10 reach lo()'%! LI:l,; 
Ilicrctorc, free supcrn;tle reri1ov;il fr-oln tllc tanks ~hal  conlaill greatcr- tI1;11i tlicsc 
spccifietl voltiriies of saltcake/settled sludge is 111-oliihitcd. Best ~nanagerlicrit 
~,ractice will be to Iirnit the Very Slow Generation desigrl;rtiori to tanks that  rcach 
ecj~~ilibriunl at less tllan 9.5 (Ye of tlie LFL. Additionally, tanks I-eaching hydrogeri 
cquilibriuln at greater tlirin 60% of LFL shi~ll undergo annual pcriodic ventilatiori 
operation using an installed or portable ventilalion systcln (i.e., for a duration of 
12 vapor space turnovers with downtime not exceeding 12 curnulalive tiours from 
slart to completion). 

Dry sludge Tank ISH wil\ evalu:~ted based on empirical dst;~ and deternlined lo I 
not be able to accumulate sufficient anloillits of fammable gas to pose a safety 
risk." Therefore, Tank 15 is classified as Very Slow Generation Tanks as long iIs 
i t  remains dry. If Tank 15 is re-wet, the tank classification rnust be re-evaluated. 

1 .  The loss of venrilation time to LFL Tank Classification shall be determined 
in an engineering evaluation or in the Waste Characterization System 
governed by the Waste Characterization System Administrati\:e Program. 

2. The waste Tank Classifications shall be documenled in  the High Level 
Waste Emergency Response Data and Waste Tank Status Data (ERD)~.  

3. Planned operatiorls (e.g., waste tank to waste tank transfers) shall be pre- 
evaluated to determine the impact or1 the time to LFL and Tank 
Classification for the affected process areas (e.g., sending and receiving 
tanks) in the Waste Transfer Evaluation and Approval procedure. 

4. If the evaluated activity results in a Tank Classification change to a more 
restrictive status (SLOW to RAPID, VERY SLOW to RAPID, VERY 
SLOW to SLOW), then the status will be updated in  the ERD and 
implemented in the facility via the ERD linking procedure (SWI 1.6-SVP- 
ERD) prior to initiation of the planned activity. 

5.  If the projected time to LFL results i n  less than seven days, then the 
evaluated activity shall not bc performed. 

6. Small volume water additions greater than 3,000 gr~llons shall be evaluated 
and documented prior to introduction into the waste tank. 

7. Ventilation shall be required duriilg jetted trilnsf-er receipts for Very Slow I 
Generation Tanks in  the Waste Transfer E\ralualion and Approval 
procedure. 

8. Periodically, the classifications of all waste tanks will hc I-evic\vetl to 
tietcrrnirle it' ;~rly ;ire ; ~ t  risk of ;In ~~rlexpected classil'icr~tiori cllange due lo 



I 

l 1 1 t 1 1 1 o 1 s  I I I  ~ e s ~ l t s .  II' a t;ltlk is i~ lcnt i l ' i~~l  by tllis ~-c\!ic\v. 
r.cco~~~nlcnri;ltic~ns tC.g.. cllc~llic.;il additions, lowcri~lg l>~-ol>e Ileigllrs, c t~ . . )  
sl1;lll hC provided lo lllc I';~cilily lo ;i\-oicl ~ l l i s  I-isk. 

0. 'I'hc Iiytlrogcn ccluilihriurn conccnrra[io~l l 0 r -  Very Slow Gcncr-irtion Ta11C;s 
sllall hc clctc.~-mined i n  an engineering evaluation o r  in  thc Waste 
Chiiractcrization Systcm. Very Slow Generation Tanks \v i rh  a calculated 
hydrogen equilibri~l~n concentration greater than 60% LFL shall be 
identified ~n the ERD or in  at1 engineering evaluation. 

10. Very Slow Generation Tanks identified to have a c;~lc~tlated hydrogen 
ecluilibriurn concentration greater than 6070 LFL shall undergo periodic 
ventilation 01x1-at ion. 

The Flamn~ability Control Program shall pro\lide adlninistrative controls to 
determine and track the seismic time to LFL for each waste tank, including 
administrative co~ltrol of tank contents and operations. Programmatic controls 
shall be established to ensure that the number of tanks capable of becoming 
flammable following a seismic event (including the effects of post seismic 
trapped gas release) within specified time periods shall be withill the restrictions 
of the TSR/DSA'.". Programmatic controls shall be established to ensure a path 
forward is provided to DOE (addressing the additional risk and recovery time) if a 
transfer required to mitigate a tank leak causes additional tanks to Ila\~e the 
potential to become flammable in less than seven days following a seismic event. 
Because the transfer is mitigating a degraded condition (i.e., placing the facility in 
a safer condition), sub~nittal of  the path forward is not required prior to initiating 
the transfer. 

The methodology for determining the seismic time to LFL is consistent with the 
~nethodology presented in the Time to LFL Methodology (Eq. # I ) ,  with the 
exception of the following assumptions: 

The initial concenrration, yo, shall be the steady state hydrogen 
equilibrium concentration including the effects of post seismic trapped gas 
release and shall be designated by the term yo(Seismic) (see Eq. # 7 )  

The vapor space volu~ne, Vv. shall be dependent on the actual or projected 
tank fill level, Vv' (see Eq.# 10) 

15,000 gallons of maximum missing waste shall be evaluated for the 
transfer receipt tank prior to transfers (assuming the n;axin~unl missing 
waste is the transfer material) 

Posl seismic trapped gas release assumes no gas retention (the hydrogen 
generated is equal to the hydrogen released Into the \vaclc tank's val"" 
space). The metllodology is limited to settled sludge and saltcake wilste 



l'lle initial co~lceli~r-aiion i~scd in the scis~nic time to 12FI, ccluation sliall 
inclutle the sleady state hydrogcn equilihrit~m conceritr:~tiori accounl ing fol- 

vcntilution, (cxccpt for Very Slow Gcner-ation Tanks, which shall assume 
the Iiydrogc~l equilibrium without ventilation) and the effects of post 
seisl~iic trappcd gas release. Free release is inlierently accoi~nted for in  the 
seis~rlic tiiiie to LFl, cillc~llation b x e d  on the inclusion of the hydrogen 
gc~ieratioll rate term. 

Eq. # 7 yo(Seisrnic) = Equil. Conc. + TG 

Where, 

Equil. Conc. = initial concentration at steady state hydrogen equilibrium 
( i e  2.5% LFL or as specified i n  engineering 
evaluation; refer to Section 6.3.2) 

TG = hydrogen concentration d ~ c  to trapped gas release 
(see Eq. # 8) 

For Rapid and Slow Generation Tanks, the initial hydrogen concentration 
after a seisniic event is assumed to be at steady state hydrogen equilibrium 
accounting for ventilation. The initial hydrogen concentration is 
calculated using Equation 6, substituting the atmospheric breathing term, 
Q, with the DSA purge ventilation flow rate. For Very Slow Generation 
Tanks, the initial hydrogen concentration after a seismic event is assumed 
to be at steady state Ilydrogen equilibrium accounting for atmospheric 
breathing (Eq. # 6). 

The contribution of post seismic trapped gas from salt and sludge is 
additive. The following equation (Ref. 23) is used to determine the vapor I 
space hydrogen concentration due to trapped gas release from sludge or 
salt under post seismic conditions. Each contributing phase shall be added 
together to determine the total seismic initial concentration: 

Vsoljds * G * H * C * FR 
TG = C t n  

Vv' 

Where. 

V,,,Ii,j.s = volume of sludge o r  salt in the tank, st7 

G, = fraction trapped bubble gas 

I-! = hydrogen fraction i l l  trapped gas 

C = pressure correctioil (see Eq. # 9)  



?I'(; i s  cxprehscd in rlnits o f  (A- l,JIL, or can hc expressed in %. hydrogen if 
Ec1u;llion # 8 is not divided by the CI..I:l,. . 

All insoluble solids are considered ro be sludge for the purposes of  trapped 
gas retention. The DSA, Section 3.4.1.5.3, establishes the following inpill 
for determining the volume of sludge or salt affected due to seismic 
:~gitation: 

For lank5 not under a quiescent time program, the tank sludge is 
assumed to be settled sludge, and therefore the entire sludge volume is 
used 

For tanks under a quiescent time program, the sludge is slurried sludge 
and the entir-e sludge volume is included in releasing hydrogen during 
a seismic event 

For salt tanks, the volumc of salt available to liberate hydrogen is 
equal to the least of the following: the salt depth, the free liquid depth 
(depth of liquid above salt) 01- 40 inches. If  there is no free liquid 
above the salt layer, no trapped gas is released fr-orn salt 

The DSA, Section 3.4.1.5.3, establishes the following input for 
determining the percent of trapped bubble gas released due to seismic 
agitation: 

For sludge tanks under a Quiescent Time Program, the trapped bubble 
gas percent is 2070 

For sludge tanks not under a Quiescent Time Prograln, the trapped 
bubble gas percent is 10% 

For salt tanks, the trapped bubhle gas percent is 1 17c 

The percent liydrogen in trapped gas is calculated using the DSA, Section 
3.4.1.5.3 equations which relate empirical data (i.e., nitrite and nitrate 
concenlrations) to the radiolytic decay heat or detennined using DSA 
values for tanks with ilr~known chemistry and heat loads. 

The cxpnnsion factor is used for predicting the effect of pressure or1 

trapped bubhlz gas I-elease cll~e to :rgitation. The relationship bctween the 
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Wherc. 

nlr~nher of layers in the w;~stc rank, excluding borto~n I;iycr 
7 clensity of layer nlarc~-i;rl, kg/~n 

7 derlsity of Ille hotlorll Iilycr material, kg/nl- 

Ilcight of layer, In 

l~eigl~t of the bolton1 layer, rn 
gravitational force: ni/s2 

atmospheric pressure, atm 

101325, Pdarrn 

Thc DSA, Secrior~ 3.4.1.5.3, establishes the following input for 
determining the release percentage due lo seismic agitation: 

The trapped hydrogen release per-centage from waste tank settled sludge 
(i.e., ranks not under a quiescent tlme program) after a seismic event is 
equal to the following equation: 

total waste level ( i n )  2: 
50'7f 

400 

The trapped hydrogen releahe pel-centage from waste iank slurried sludge 
(i.e., tanks under a quiescent time program) after a seismic event is 100% 

The trapped hydrogen release percentage from waste tank salt after a 
seismic event is 50% 

The vapor space volume used to calculate the seismic rime to LFL is based 
on the actual wx te  level. 'Tile calculations account for the maximu~n 
missing waste volume only when \,re-evaluating a waste transfer. This is 1 
acconiplished by reducing the vapor space volume and adjusting the 
chemistry by 15,000 gi~llons (assuming the maximum missing waste is the 
material lo be transferred). The foJlowing equation is the vapor space 
volume c i ~ l c ~ l a t i ~ n ,  i n  cubic feet: 

Eg. # 10 Vv' = (VT - (Level,,, * Ff + MMW)] * 0.1336 ft71gal 

Where. 
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iic-ce)t1111cd for i n  rlic receipt t:i11k ( I ~ I I - ~ I I ~  ;I  1ri11)sfcr) 
f'f = rill f i ict~r,  g;iI/i~i 

The adjusted f i l l  fdctor is applied as an i~lgoritlini to reflect varyilig f i l l  
lactors that iidjust {lie established tank calibratio~is as a resulr of the 
displaced volume of (lie suppor~ ccorie in the uppel- part of the tank .  as 
npplicahlel"" The nonli~lal till factor (Ref I ) nriiy he used to c;~lcnl;lte 1 
the waste volunic. Application of tlie lio~ninal fill  factor in t h i ~  w a y  is 
conservative t)ecause the f i l l  factor overestimates the wastc \/olu~ne. 

The Quiescent Time Prograni is a 13eriodic pu~iiplmixer nln progrlil11 required to 
safely nianage the trapped hydrogen that niay be retained within the sludge of 
some tanks. Tanks are placed i~rider a Quiesce~it Time Program after successfi~l 
initial sludge mixing (i.e., hydrogen depletio~i) is accomplished. Initial sludge 
mixing is achieved upon  completion of four fully inserted s l u ~ ~ y  pumps or one 
fully inserted ADMP in  a Type IV tank running non-indexed or tl~rntnble 

7.1 operating for a cumulative period of ten days . At this point, operation of the 
slurry pumps will not achieve any additional tr-apped hydrogen release fl-om 
settled sludge disturbance. Operation of the pun~p/mixer liberates Iiydrogen 
retained within the waste resulting in elevated flammable vapor concentralions in 
the vapor space. A periodic slurry pillnp nil1 progr;lm Ins been implems~ited lo 
safely manage the inventory of flammable vapors that may be retained ~ v i r l i i n  tlie 
waste. An integral part of ~liis PI-ogsam is to detel-mine the niaximirm time ll i i j t  a 
tank can remain undistiirbed and still not I-etain sufficient hydrogen to cause rhe 
tank's vapor space to reach the LFL within sever1 days if a hydrogen release event 
were to occur. This time, refen-ed to as the seismic quiescent time, is calculated 
based upon the following conservative inputs and assumptions: 

The hydrogen generation rate equations in the DSA, Section 3.4.1.1.2 are 
used to determine the amount of hydrogen generated during the seismic 
quiescent period. 

The seismic qitiescent time is the allowable time between tank agitation 
such that the hydrogen released during a seismic event does not cause the 
waste tank vapor space to reach the LFL within seven days (radiolytic 
hydrogen generation and trapped hydrogen release) assun~ing the vapor 
space is initially at 25% LFL for Rapid and Slow Generation Tariks or at 
the higher of 25% LFL or equilibril~m for Very Slow Generation Tanks. 

The amount of hydrogen retained in the slurried sludge layer during the 
quiescent period i s  dependent upor1 the depth of thc sludge layer. For- 
waste tanks witli a slurriecl sli~dge depth of less than or eclua! to 90 inches, 
50% of tlie liyclrogcn ge~lcrntcci is retained ill the sludge. FOI- wasre tanks 



I'ost seismic l~-;~l)j)cd :;I.\ rclcasc rir11c to 1,I;I,  orti ti on ol' .;cisrllic. 
cillculatio~l rclc,;tsc pcrccr~l:igc is assrlrncd to be I(H) 'X, .  'l'lic 111~10odology 
is li~nitetl to :I relcasc perioti of scvcn days. 

After initially slurrying tllc cntire invcrlrory of sludgc in n waste rank, t l l ~  Seis~nic 
Quiescent l'ime Program will be applied ro Ihirt tank. Operi~tioniil cxl)erienccs 
have denlonstrated that rctaincd gas is released wlien :idequate 11iixing occurs (i .c. ,  
after successfi~l completion of an K hour pump/nlixcr run at ~ n ~ x i n ~ u ~ n  a1low;iI~le 
speecl with evidence of adequate sludge mixing le.g., canlerii ir~sl>eotion, motor 
loading with acceptable r:tnges, etc.]). For a waste tank, i t  hiis been dernonstriited 
that a single slur-ry pump is capable of depleting at least 25%) of tllc tank's 
retained hydrogen inventory. Thirs, the tank's trapped gas inventory can be 
removed with folir pumps operating i n  a manner that ensures adequatc mixing. 
Likewise, [he effect of a non-operational pump is that i t  could leave 111) to 2570 of 
the tank'' content inadequately niixed, retaining the trapped gas inventory. 
Empirical trapped gas release. data, which is baselined with a 4 pump run for 8 
hours, from the tank under consideratio11 may be evaluated to permit operation of 
less than four slurry pu~nps/mixing devices and still claim adequate mixing occurs 
to deplete the tank's trapped hydrogeri inventory. 

The methodology for determining the seismic quiescent time is consistent with 
the methodology presented in  the Seismic Time to LFL Methodology. with the 
exception of the following assuniptions: 

The initial concentration, yo, shall be the initial hydrogen concerltl atlon (or 
25%' LFL) including the effects of post seismic trapped gas release and 
shall be designated by the variable name, yo(Seismic)' (see Eq. # I I )  

The trapped gas contribution, TG, shall be a function of rirne 
(see Eq. # 1 3) 

The initial hydrogen concentration (y,) is added to the trapped gas 
contribution (TG) to determine the post seismic initial hydrogcn 
concentration, yo(Seismic)': 

yo shall be calculated using Equation # 3. yo(Seismic)' shall be substituted 
into Equation # 1 to determine the time to LFL. The time to LFL sllall be 
greater than or equal to seven days to satisfy the requirenlent inherent to 
the pilrpose of determining the quiescent time. 



111)011 tlcplcrioll 01- tllc Ilydl-ogcn inventory due to I>urnl> agil;ltioll, 1I1c 
tr;\ppeti g ~ s  irlvcntory is a function of tlllle (i.e., at time ccju~~l zer.o, I h r  
tl-appcd gas lrlvcntvry equals zero) urlt i l  t llc nl;txinluln inventor-y i s  
rctainzd pcr the trapped gas methodology i n  the DSA, Seciion 3.4.1.5.3. 

The following equation dctnonstrates the time dependence of the trapped 
hyd~ugen inventory: 

Eq. # 12 G S " H * C =  (HR/lOO)*Q,,,z * t  

'solids 

Where t = time (in hours), QHZ Is the temperature corrected hydrogen 
generation rate defined in Section 6.1 . I  and all other variables are defined 
in Section 6.2.1. HR is the percentage of hydrogen generated that is 
retained in slurried sludge and is consistent with the nlethodology 
presented in  Reference 2. For waste tanks with slurried sludge depth I 
greater than 90 inches HR is 100%. For waste tanks with slurried sludge 
depth less than or eqi~al to 90 inches HR is 50%. The pressure correction, 
C, is included i n  I he time dependent hydrogen inventory equation because 
the Ilydrogen generation rate already cnlculat.es the ambient pressure 
effects due to the application of the ideal gas law in Section 3.4.1.1.2 of 
the US A. 

The trapped gas contribution to LFL (Equation # 13) sllall then be 
calculated by srlbstituting Equation # 12 for the hydrogen inventory, 
c;, * H " C. 

The followirlg equation is used to determine the vapor space hydrogen 
concentration as a function of time due to trapped gas release from sludge 
tinder post seismic conditions: 



\IfSR C-IM .2(3'33-1)0010 

Eq. #/ I3 I .r;r 
Vv' 

Equation # 1.7 is sirhstiiutcd illto Eq~rirtion # I !, whicll providcs lllc i n i t i i r l  
hydrogcn concentral ion, yo, for Equilt ion # I ,  where Time to LFL sh:rll hc 
greater than, or equal to, seven days. The eq~iations may be rearranged to 
solve for cluiescent time, t ,  sincc all other variables arc known. TC; is 
expressed in units of 'To LFI, i n  Eqii;ition 13, hut rllay be expressed in units 
of  %I hydrogcn 11' Equation 1.3 is not divided by llle Cl,I.l-. 

I .  The seismic time to LFL shall be determined using an engineering 
evaluation or the Wa\te Characterization System database governed by the 
Waste Charactcrization System Administrative ~ r o g r a m ' ' .  

2. Planned operations (e.g., waste tank to waste tank transfers) shall be pre- 
evaluated to detennine the impact on the seismic time to LFL for the 
affected process areas (e.g.. sending and receiving tanks) iising the Waste 
Transfer Evaluation and Approval procedure. 

3. If the projected nunlhers of tanks capable of becoming flanlmable following 
a seismic event (including the effects of post seismic trapped gas release) 
within specified time periods are not within the restrictions of the TSR, then 
the evaluated activity shall not be performed. 

3.  Small volume water additions greater than 3,000 gallons sl~all be evaluated 
and documented prior to introduction into the waste tank. 

5.  A path forward shall be provided to DOE (addressing the additional risk and 
recovery time) if a transfer required to mitigate a tank leak causes additional 
tanks to have the poten~ial to become flammable in less than seven days 
following a seismic event. Submittal of  the path forward is not required 
prior to initiating the transfer. 

6. The Quiescent Time Program quiescent time shall be determined using an 
engineering evaluation or the Waste Chari~cterization System database to 
ensure that waste tank mixing devices will be periodically operated to limit 
the alnount of  trapped gas that could be released during a seismic event. 

7 .  The Quiescent Time Program quiescerlt time shall be tracked by Operations 
to ensure that waste tank nlixing devices will be periodically operated to 
limit the amount of trapped gas thar could be released during a seismic 
event. 
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t l y d r o ~ e l ~  htrl~hlcs C ; I I I  ~ C C O I I I C  I ~ ~ ~ P I > c ' c I  in lllc slrrclgc Ii~yer OVCI- lirnc ; ~ n d  
suhscclt~clltly rcIc;l\ed. l'lic iirnoi~nt of hydrogel1 rcleascri is depcnderi~ or) tile 
c.liaracteristics 01' the sludge mid the I-elense initiator ( i . ~ . ,  itgitatio~~ source). 
Trapl>ed Iiydrogcn is assumed to be released fr-om slucigc when the sludge is 
agitated (e.g., slurry pumplniixer operation, seismic event) or- from [lie reduction I 
in static prcssurc (e.g., free supernate removal). 

Sorne activities in waste storage tanks have the potential to disturb limited 
cll~antities of sludge. l'hese activities ai-e not considered to result i n  significant 
sludge mixing. Exarnples of these activities are provided in the DSA, Section 
3.4.2.1 I .  I ,  and include the following: 

Rotation of ~1111-ry pump turrltables 

Sludge sampling 

Inserting tank components below the sludge layer (e.g., riser mining tools, 
punlps, caissons, etc.) 

Removing tank components from below tlie sludge layer 

Air blowing transfer jets that have a suction below the sludge layer 

Operirtirig transfer- purnps or jets that have a suction below the sludge layer 

Transfers into the waste tank (regardless of downcorner location) 

Flushing of transfer pumps or jets 

111 general, if activities in waste storage tanks are physically liniited by design to 
disturb a localized region of sludge (i.e., not assumed to release significant 
quantities of trapped gas), then these activities are judged to ,involve insigriificant 1 
sliidge mixing. 

Air or steam sparging activities do  not require additional sludge agitation 
evaluation per the DSA, Section 3.4.1.5.3, because the action that causes the 
release also serves to mitigate the release (through dilution or purging) and the riel 
effect is insignificant in comparison to other hydrogen release mechanisms. 

Aged settled sludge in waste tanks accurnulates radiolytic gas bubbles, which connect into 
networks as they mature. Orciina-ily, these networks release gas slowly by percolation. 
However, removing free liquid reduces the hydrostatic head, causing the bubbles to expmd 
aid release at a late propc~~~ional to tlie liquid removd nte. 

U;tscd on the Ilyrlmgcr~ releaw r;itcs in Refcrcr~ce I i ~ d  Rekrncc 25 and a m~uirnt~rn 
tr:rsfer rate of250gpii1, tlie follo\vi~ig free sulxmatc reniovd m~ctivities :we prohibited I: 



Wasrc tl-an5fi.n (incl~ldillg \ipllon ~n~cntial)  a.;sc~iaterl wit11 irce supcmatc rernova~l 
SI.OII~ ;r .wttled sludge ttulk wit11 a slirdgc inventory grenlcr than 80 irlclics when t l~c 
r;ulk is cl;r.;sified its i i  Very-Slow C;cncr,ition 7'rlrlk. 

63.1 SlJtlnc;1Acl~~no~ GAS R~1,1iAse M ~ I I E  EVALII,YIION 

PI-ior to planned sludge :tg~tatiorl. iin initial evaluation shall he performed ro 
determine whcther- cllrry into tllc Gas Release rliodc will be required. When this 
inilial cvalu;ltion sllows t l i n ~  the rc:lcase of hydrogen due to agitation will nor 
cause the vapor space to excccd the following gas release criteria (assuming all 
trapped gas in the tank slutlge is released and accounting for atmospheric 
breathing only), no specific controls I-egarding planned sludge agitation are 
reqiliied (other than Routine Flamnlability controls)': 

Become flammable in less than 7 days for a tank classified as a Rapid 
Generation Tank (due to trapped gas release plus radiolytic hydrogen 
generation) 

Become flammable in less than 28 days for a rank classified as a Slow 
Generatron Tank (due to trapped gas release plus radiolytic hydrogen 
generation) 

Become flanimahle for a tank classified as a Very-Slow Generation Tank 
(due to trapped gas release plus radiolytic hydrogen generation) 

Exceed 60% of the LFL (due only to trapped gas release), I 
1 anks may be reclasslt~ed, based on the engrneerlng evaluation, to meet the aoove 
criteria'. For example, an evaluation determines that, for a Slow Generation 
Tank, the assumed trapped gas release from the planned sludge agitation results in 
reaching 50% of the LFL and the subsequent radiolytic hydrogen production 
causes the tank to reach the LFL in 25 days. This tank would be required to have 
Gas Release Mode controls (e.g.,. interlocks, etc.) unless it is reclassified as a 
Rapid Generation Tank (with the ~~ssociated Routine Flammability Controls). 

The I~ydrogen concentration due to trapped gas release is added to the initial 
co~icentration to determine the total hydrogen concentration, H2Total, in the waste 
tank vapor space due to 11011 seisnlic agitation: 

Eq. # 14 HzTotal = H2lnitial + TG 

Where, 

l-lzI~liti:tl = initial concentration accounting for an adequate nl~mbcr of 
val'or space turnovers andlor by cornparins the tank LFL 
rcnding to a I-c,ading obtained using n known I,FL, 
concentr:ttion (see Section 6.3.2) 
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An :~~lc~tlr~nlc rl1111ll)c1- of V;IIIOI-  slxtcc. lu~-no\'crs (ancl/or comparing 111e tank 
L2F1- I-catling 1 0  a reading obtained using a know~l I,171d concentration) 
cstat~lishcs tllc 111 i t in I  Iiytlrogen concentratio~) in  the t a n k  vapor space a s  
1 0 ~ 1  ;IS pr:ictic;~l (I-elcr to Kefcrcnce 27 for comhil~ation method cxalnple). . . 
J his assumes tllat the rank is under conditions tha t  do not cause significarlt 
hydl-ogen rele;~he (c.g., no incol~lir~g jetted transfers or sludge agitation 
;~ctivities) ancl accounts for- only I-adiol~tic generation. Vapor space 
1urnc)vers (and/or- comparing the tank LFL rending to a reading obtained 
using a known LFL concer~tration) are not required for the insignificant 
sludge ~nixillg activities listed in Section 6.3. The time lo complete an 
adequate number of vapor space turnovers is determined based on the best 
c>tirnate of I he ~1c r~a l  vapor s j > ; ~ e  volume. The ver~tilation shall be 
operable to perform an adequate number of vapor space turnovers with 
downtime not exceeding 12 curnulativc hours from srarr to completion. A 
12 hour do\vntirne will not significantly impact this initial concentration 
prior to sludge rigitation activities because of the conservative assunlptions 
used i n  the vapor space calculi~ti~ns (e.g., low mixing efficiency, high 
initial hydrogen concentration). Flammability evaluations should use 
2.5'7~ LFL as the initial cond~tion where vapor space turnovers are 
employed. The required number of vapor space turnovers for each tank 
will be documerlted in  the E R D ~ .  In order to determine the adequate 
number of vapor space ti~rno\~e~-s I-equired to reduce the initial 
concerltration (defined by the safety analysis value) to 2.5% LFI+ the 
methodology of Reference 26 shall be employed (assuming a mixing 
efficiency of 0.2). However, i f  additional Facility Manager approval is 
obtained, vapor space turnovers and/or comparing the tank LFL reading to 
a reading obtained using a known LFL concentration can be employed to 
reduce the initial concentration below 2.5% LFL (this will affect the 
seismic time to LFL and Gas Release Mode evaluation). If the later option 
is used, the methodology used to determine the flammable vapor 
concent rat ion shall be consistent with the requirements of Reference 8. 

The methodology for determining the vapor space hydrogen co~~centration 
due to trapped gas release from sludge under non-seismic conditions is 
consiste~~t with themethodology presented in the Seismic Fla~nmability 
Control Program (Eq. # 8 or Eq. # 13). The trapped gas calculation 
evaluated under equilibrium conditions shall utilize the trnppetl bubble gas 
and [he hydrogen percent assul~~j,tions from Equation # 8 and tlle Seismic 
Time to LFL Methodology in  Suctioll 6.2. I .  For t;allks ullder n qt~iesccnt I 
time. the ts:rppcd hydrogen irlvcntory is time dependent and can utilize 
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p;u-t iclc sizc, dc,~lsity gradicnls ;11i(i Ic'llll,cl:iltlrc gr-;~dicn~s) is consitlcrcd so 
long thn l  the l,~>r-ccnl I,ydrogerl i n  Ir;q~pcd g;ts is nsst~mctl lo l ~ c  t~~icll;~~lgctl; 
tlicrefore, currclit ~.licrnistry (i.c., clicmistry pl.ior to rl~c water1inhil)itor 
addition) Inay Iw ~rsed to detern\ine the Ilytlrogiw co~l~~entr;rtion in  tritly,cd 
gas 131-  Sludge. Agitation Gas Release Mode cva lu ; i~ ions .~~ 

All insoluble solids are considcretl to hc sll~dge for the ptlrposes of tral~ped 
gas retenlion. Tlic DSA, Sect ion 3.4.1.5.3 and Refel-e~~ce 23 establish the 
following input for determining rlie vol t~~ne of sludge affected due ro non 
seis~nic agitation: 

All trapped gas i n  the tank sludge is assumed ro be affected during 
agitation. 

For tanks under a quiescent time program, the sludge is slurried sludge 
and the entire sludge vol\~rne is included in releasirlg hydrogen. 

VAFUABLEFR ( U S ~ E D I N E Q # ~ O R ~ # ~ ~ )  

For tlie purposes of initially de tc rn~i~~ing  if the sludge agitation :\criviry 
requires Gas Release Mode controls, tlie release percentage is assumed to 1 
be 100Y0, per tlie DSA, Section 3.4.1.5.3. 

The HLLCP shall be used to protect the vapor space volume 111 the in i t i a l  
sludge agitation evaluations to determine i t '  enrry into Gas Release hllode 
will be required (see Eq. # 5 ) .  

For planned sludge agitation activities where the percent LFL could exceed 60T0 
or the nlinimum time to LFL is not met for the tank classification, based on the 
guidelines presented for the initial evaluation, the ~vaste tank Gas Release mode 
shall be declared prior ro agitation. Once i r  is cletermined that 3 tank will enter 
Gas Release Mode, programmatic controls sliall be established to ensure that 
operation of waste tank mixing devices li~nit the planned release of trapped gases 
such that the vapor space does not exceed the safety analysis value as designated 
by tlie Flamlnnbility Control Program. Requirenients during slun-y pump 
operation associated with Gas Release mode ar-e rlocu~ncnted in Section 3.4.2.1 1 . 1  
of the DSA. 

I f  the hydi-ogen invcrllor-y ;~ccuinulareil i l l  t l~e  sludge between 1iyd1-ogcn depletion 
activities provides tllc pi,tcnlial to exccct! 60'% L,FL, (01- 111c silfcty analysis value) 



r111or1 I I ~ ~ ~ ; I I ~ I ; I I ~ ~ O I I C  I-C~I:;ISC, ;I t ; l r lk  11lt1s1 crllcr g;15 ~ C ' I C ; I S C '  ~ilodk, prior 10 1 1 1 ~  

IlytlrogCn dcl1lelio11 ;~c ,~ iv i~y .  'l'lle I ; l< l l  S I ) ; I I I  ~ L \ I I O I . I  I I ~ C  t r ~ i i ~ .  : ~ l l o \ i ~ ~ l  l ) ~ ~ t \ i ~ c ~ ~ ~  
hydrogcr~ clcl~lc~~iorl ;~~.tivi~ic,s sucll 1I1:rt gas r.clc;isc rllotlc,  wo~~l t l  1 1 o t  Ilavc I O  I,c 
elllered. I Iowe\.cr, ollcc gas rcIc;lsc rilode is crltcrccl, ; I  Iwrlllj r-trrl rirllc ivill IIC 
rcported i l l  tllc ERII  so tll;rr when purilps ;ire ]-[In 00'81 1-FI, (or tlle s;ifcty :rnnlysis 
value) will rlol bc c:;ceeded, credltiilg acti~al tank contlitions. l'his pump nln timc 
can Ile extc~~ded such that i t  is equal with the seismic q-time, i f  an evaluation is 
pcrforrned which credits the operaiional attributes listed in  Sectioli 8.0 (all or 
son-re combination) to limit hydrogen releases such that thc' TSR hydrogen 
concentration limit i s  not exceeded i n  the vapor space at any tirne during tile 
agitation activity. In  order to protect the credited slur-ry puiilp iliterlock response 
to stop the (rapped gas release on loss of ventilation i n  GRM, this evaluation nlust 
also limit the punlp quiescent time such rllar a self-proljagating trapped gas release 
will not occur before the seismic qi~iescent time is reached. This is done by 
rnaintainingthe gas fraction in slildge to a value less than that retained by Tank 40 

3t l  prior to a pump-indirced self-propagating gas release.. 

The Gas Release Mode Pump Run Program shall document an evaluation using 3 

similar metliodology to the Sludge Agitation Gas Release Mode evaluation (refer 
to Section 6.3.1); Ilowever, severaI assumptions may be modified once Gas 
Release Mode is declared; exanlples are: 

I-Iistorical actual hydrogen release rates rnay be credited 
Actual ventilation may be credited i T  i t  is verified i l l  the I'acility; 
other\vise, TSR- credited ventilation shall be credited 

0 ,  Actual vapor space may be credited 
Stepwise hjjdrogen release may be considered depending on the 
operational attsibutes from Section 8.0 (e.g., number of pilrnps run, pump 
rotation, pump insertion/disturbnnce depth, pump speeds and hold times) 

Actual waste temperature may be credited 

Gas retention rates described in Reference 35 may also be credited 

1 .  Operation procedures shall address the requirement to perform an adequate 
number of vapor space turnovers and/or to cornpare the tank LFL reading to 
a reading obtained using a known LFL concentration prior to sludge 
agitation activities. 

2. Prior to sludge agitatiolr, ;In engineering evaluation i n  wcs shall be 
performed to determine i f  Gas Release Mode controls are required. 

3. If  required, the Gas Release Mode Pump Run Program is implemented to 
limit the vapor space hydrogen concenlnition. 

4. Prior to free supernate removal froin a Type 111/1IIA Slow Gellcrntion Tank, 
it sllall be verifieci that the tank does not contitin a scttlcd sltldgc inventory 



5 .  1'1-iol- lo Srcc .;\~l)crrl;~Ic~ rcnlov;rl 11.o1n a \'c,r.y Slo\t. (;cnc~-;iriori l ' i ~ ~ l k ,  i t  \ I I ; I I I  
be verificd 1I1;ii 1 1 1 ~  tank tlocs not  L - O I I ~ : I I I ~  ;I s~111lc'd s l t ~ c i g ~ ~  IIIVCIIIOJ-y ~ I . C ~ ; I I V I -  

tllan KO inches in the W:tstc.J'r:~nst'~.r I ~ \ ~ a l ~ ~ : t r i o n  ; ~ n d  Al,prov;11 1lrc~c.cclrrrc. 

Trapped hydrogen is assunlcd ro be rclcascd Crom salt during salt tlissolution, 
interstitial liquid removal, agitation (e.g.,  seismic event, slul-ry pump/nlixer 
operation), or  fro111 the reduction 111 static presstlr-e (c.g..  free supcl-narc ren?oval). 
Salt dissolution is the process of dissol\:ing s ;~ l t  by adding liquid tv rlle r a n k .  Salt 
dissolution is typically pel-tilrrnetl by liqllid nddirion alorie, although in some cases 
the liquid addition may be acconip;~nied Ijy slurl-y puniplmixer operation2. 
Interstitial liquid removal from hulk s ~ ~ l t c a k c  is performed by pumping liquid 
from a well in the saltcake. Removing inrc.1-stitial liquid will release hydrogen 
from the saltcake where the interstitial liquid is removed. 

Salt removal activities include salt well nlinir~s. Salt well mining is the dissolving 
of a l i~nited arnount of salt, usually In allo\t. inser~ion of equipment such as a 
p u n p  for interstitial liquid rernoval. Tlls \.olunie of the well to he mined will 
determine the amount of hydrogen that can be released. The  controls specified for 
waste tanks undergoing planned sall dissolution also apply to salt well mining. 

Some activities in  waste storage tanks have the potential to release limited 
quantities of hydrogen. These activities ass not considered to result in significant 
hydrogen ~.clease. Examples of these ~c t i i - i t i s s  include the follo\ving: 

Salt sampling 

Removing tank components from below the salt layel 

Air blowing transfer jets that have a suction below the salt layer 

Transfers into salt tanks with small exposed salt peaks (height and base in 
inches not feet) 1 exposed salt on cooling coils and tank wall 

Dilute liquid additions to free supel-nate over salt cake I 
Flushing of equiplnent in a salt tank i~lcluding vent dernister and rchcater I 
Lancing 

Sample rinsing 

Filling purge condenser seal leg 

Rotltinc evaporator o p z r a t i o ~ ~ s  I 
I n  gener;ll. if ;ictivities in waste stoi-age t ;~nks  are li~llitetl to disturb ;I lin~ilc-d 
rli~antity 01. s;ilt (e.g., small salt pe;ihs) or dissolve salt with a linlitcd  hili lily 10 



Air or stcan1 sparging acti\lirics do not require nclditional sit11 dissoltrtion/ 
interstitial liquid renlo\:;ll evaluation per the DSA, Section 7.4. I .5 .3 ,  hec;iuse t h e  
action that causes the relcitse also serves to ~nitigate tlle relensc (t l lror~gl~ dilution 
or purging) and the net effcct is insignificant in col~iparison to otlicr hydrogen 
release mechanisms. 

Submerged sallcake in waste talks accumulate rad~olytic gas bubbles, which connect into 
networks is they mature. Ordiniuily these networks release gxs slo\vly by percolation. 
However, I-emoving Free liquid 14uces tl7e hydrostatic head, causing the bubbles to expand 
aid rele~tv at a rate proportional to the liquid removal rate. At the same time, the tank 
vapor space volunle is inc~~asing due to liquid renlovd. 

Based on the hydrogen relea.: rates in Reference I and Reference 25 and a maximum 
transfer rdte of 250 gpnl, the follo\ving free supenlate removal activities are prohibited I: 

Waste transfers (inchding siphon potential) associated with free supenlate renmval 
from a Type mmlA salt t C d  with an equivalent saltcake inventory greater than 
330 inches when the ti~k is classified :a a Slow Generatjon Tank. 

Waste transfers (includu~g siphon potential) associated \vitll free.supernate removal 
from a salt talk with an equivalent saltcake inventory greater than 150 inches when 
the talk is classified as a Vely-Slow Generation Tank. I 

With the exception of the above prohibitions, the ~ninimurn time to reach the LFL defined 
by h e  talk flanmability classification is not impacted a5 free supernate is removed; 
therefore, no specific controls (other than tile Routine Hanullability Controls in DSA 
Section 3.4.2.1 I. 1) are required during free supernate re~lloval over saltcake'. 

Prior to planned salt removal activities (e.g., salt dissolution with or \vithout 
agitation, salt mining, interstitial liqujd removal), an initial evaluation shall be 
performed to determine whether entry into the Gas Release mode will be required. 
When this initial evaluation shows that the release of hydrogen due to salt 
removal activities will not cause the vapor space to exceed the following gas 
release criteria (accounting for atnlospheric breathing only), no specific controls 
regarding planned salt removal ac~ivities are required (other than Routine 
Fln~n~nnhility ~ontrols) ' .  

Become flammable in less than 7 days for a tank classified as a Rapid 
Generation Tank (due to tr:tppccl gas re1e;ise ~111s radiolytic hydrogen 
generat ion) 



Ijcconlc lliirllniahlc li)l- ;I tank classiliccl a \  :I Vcr-y-Slo\v C;c l ic~-a~ic~~l  'I'allh 
(due to Irapped gas release plus ~.adiolylic h\:tlrngcn ger1cr;ltion) 

I,xcccd 60% of rhe I,I-L (due lo 1r;ipped gas re1c;ixc) I 
I 

Using rhe totill vapor space hydrogen concenrr:irion equalion of Ihe Pump Run 
Program J n i t i ; i l  Evnluarion Methodology (Eq. # Id), rlic hydrogen concentr-orion 
due to trapped gas rele;isc is added lo the inilial concc~ltrarion to dererrliine the 
total hydrogen concentration in the waste tank vapol- space due to non seismic 
trapped gas I-elease. I 

An adequate number of vapor space turnovers (andlor comparing [he rank 
LFL reading to a reading obtained using a known LFL concentralion) 
establishes the initial hydrogen concentrarion in  rhe tank vapor space as 
low as practical (refer to Reference 27 for combination merhod example). 
This assumes that the tank is under conditions rhar d o  not cause significant 
hydrogen release (e.g., n o  incoming jetted tra~lsfers or  salt removal 
aclivities) and accoun~s  for only radiolytic generation. Vapor space 
turnovers (andlor comparing the tank LFL reading to a reading obtained 
using a known LFL concentration) are not required for the insignificant. 
salt removal activities listed in Section 6.3. The time to cotnplete an 
adequate number of vapor space turnovers rs determined hased on  the best 
estimate of the actual vapor space volun~e.  The ventilation shall be 
operable to perform an adequate number of vapor space turnoverswith 
downtime not exceeding 12 cumulative hours from start to completion. A 
12 hour downtime will not significantly impact this initial concentration 
prior to salt removal activities because of  the conservative assumptions 
used in the vapor space calculations (e.g., low mixing efficiency, high 
initial hydrogen concentration). Flammability evaluations should use 
2.5% LFL as the initial condition where vapor space turnovers are 
employed. The  required number of vapor space turnovers for each tank 
will be docun~ented in the ERD! In order to determine the adequate 
nuinber of vapor space turnovers required ro reduce the initial 
concentration (defined by the safety analysis value) to  2.5% LFL, the 
niethodology of Reference 26 shall be employed (assuming a mixing 
efficiency of  0.2). However, if addirional Facility Manager approval is 
obtained, vapor space rumovers andlor coml!nring the tank LFL reatling to 
a reading obt;rined using a known LFL concentration can be employed to 
I-educe the inilia1 conccll~ral io~l  below 2.5% LFL ([his will a f k c l  lhe 
seismic time lo I,I'I, and Gas  Re1c;lse Motle evalua~ion).  If ' t l~e laler option 



.l'l-re tllcthodology lor dc=termirling thc vitpor space Ilydrogen conccnt~ttion 
duc to tr-irppcd sirs release from s;tlt i~nder  non-seisrnic conditions is 
dcrcrrnincd trsing the trapped gas rclcase equation pr-esented il l  the Seismic 
Timc to LFL Methodology (Eq. # 8). 

For ta~lks wlwre tlle interstitial lirluid has been drained from llle salt, ther-e 
is n o  ~xcssure cot-rcction term (i.e., only atnlospheric pressure IS  exerted 
on the saltciike). 

I'or salr rarlks wher-c warer or irll~it~itor is added, the time for the water o r  
inhibitor to diffuse into the interstitial liquid (5-10 years depending or) 
particle size, density gradients and temperalure gradients) is considered so  
long that the percent hydrogen in trapped gas is assumed to be unchanged; 
therefore, current chemistry (i.e., chemistry prior to the waterlinhibitor 
addition) shall be used to determine the hydrogen concentration in trapped 
gas for Salt Removal Gas Release Mode e ~ a l u a t i o n s . ~ ~  

For- salt dissolution, the amount of salt dissolved in the affected tank is 
equal to the smallel- of the total volume of salt i n  the waste tank or the 
volunle of the dissolution water source tank which will be used for salt 
dissolution. If the volume of the dissolution water source tank to he used 
for salt dissolution is used to estimate the volurne of salt dissolved, the 
water source must not have the capability for continuous makeup. 

Continuous rnakeup capability is defined as a dissoli~tion sour-ce that is 
nligrled to a makeup source. A single closed manual makeup isolation 
\/alve (or a closed pneumatic valve which is seismically qualified to 
remain closed) to the batch tank is an acceptable means to isolate the 
source tank from a makeup source. 

The trapped hydrogen release percentage for salt dissolution due to slur-ry 
pun~pln~ixcr operation is 100% of the total saltcake inventory2. 

For interstitial liquid removal, tl-re ar-r-rount of salt available to liberate 
hydrogen in the affected tank is the vo!unle of salt above the pump suction 
elevation. The pump suctic3n elevation must be defined by a technical 
baseline document governing the pump installation. 

For salt well mining, the arnou~lt of  hydrogen released is equal to the 
amount of hydr-c>gell trappetl in the t~olirme of salt to be mined. 



For salt I-cn~oval ncri\li~ics, tlie IjLLCPs are used to protect llie vapor 
s l ~ ; ~ c c  volunic in the i l l i t in !  salt removal evaluntions to determine if cntry 
i~ i rv  Gas  Kelcase Modc is rcqi~ir-ed (sce Eq. # 5 ) .  

For planned salt removal activities where the percent LFL could exceed 60% or 
the mininlum t i ~ n e  to I,FL is not met for the npplicable rank's classification, based 
on the guidelines presented for the initial evaluation, [he waste tank Gas  Release 
rnode shall be , declared prior to salt dissolution/interstitial liquid removal 
activities. Requirernenrs during salt removal activities associated with Gas  
Release mode arc documentetl i l l  Section 3.4.2.1 1 . I  of the DSA. Programmatic 
controls shall be est:rblished to ensure that salt dissolution and interstitial liquid 
removal activities are controlled to limit the planned release of trapped gases such 
Ill31 the vapol- space does nor exceed the safety analysis value designated by the 
Flammability Control ~rogram' .  

The  Salt Dissoli~tion/Interstitial Liquid Re~noval  Program shall ,docurnen1 an 
evaluation using a similar methodology to the Salr Removal Gas  Release Mode 
evalrlatiorl (refer to Section 6.4.1); however, se\:eral assuniptions may he 
~nodified once Gas Release mode is declared; examples are: 

Actilal \/entilation may be credited if i t  is verified in the facility; 
otherwise, TSR-credited ventilation shall be credited 
Actiral vapor space may be credited 
Stepwise hydrogen release may be considered depending on the salt 
removal operational attributes from Section 8.0 (e.g., pump in rate, pump 
out rate, llydrogen release rate) 

Acti~al  waste temperatilre may be credited 

Interstitial liquid removal releases trapped gas from the drained portion of 
saltcake (Reference 38) prior to salt dissolution 

1 .  Ope~-at ions j~roccdirreb shall address the requirement lo perform an ;~dequnte 
nun~ber  of vapor- space turnovers nncllor to cornparr the turlk LFL reading to 
FI I-ending obtained ucing :I known LFL conccritr:ition prior to salt removal 
activitic5. 



3. 11. I -C( ILI I I -C(~ .  1l1c> ( i i i b  lIt~lc:~xc Mo(lc S:tlr l ~ i ~ s o l ~ ~ ~ i ~ ~ ~ ~ / I i ~ ~ c r ~ t ~ t ~ i ~ l  l 2 i e l t ~ i ~ i  
Kc.r~~ov;~l I ' I - O ~ I . ; I I ~ ~  I.\ I I I I ~ I c I I ~ ~ I ~ ~ ~ ~ c I  to limit 111c vapor sl~;rcc hytlrogen 
co11ccntr;ll ion. 

4. Planned opcr-ations (i..g., \v;rstc rank to wilsle tank rr-ansl'cr-s) shall be pre- 
evalt~;tled lo ens1lr.e s;rll dissolurion does not occur for 1l1e affected 1,rocess 
areas (e .g. ,  receiving tanks) in rhe Waste Trnrlsfer- Evaluation and Approval 
procctlure, wirliot~l a n  engineering evaluario~l (excluding Insignificanr Salr 
Removal Aclivities lisred in Section 6.4). 

5 PI:illned opc~.:rtions (e-g. ,  waste t i ~ ~ l k  to waste tn11L t r i l n ~ f e r ~ )  shall be pre- 1 
evalu:rted to  ensure inrerstitial liqriiti I-ernoval does I I ~ I  occui- for the affected 
process ar-ens ( e . ~ . ,  sencling tanks) i l l  the Wasre Transfer E\.aluation and 
Approval procedure, w i ~ h o u ~  ail engineering evalua(ion. I 

6. Prior to free sopenlare renlo\;al from a Type III/IIIA Slow Generation Tank,  ( 
i t  shall be verified rhar the tank does not contain an eqiiivalent saltcake 
inventory greater rhan .330 inches i l l  the Waste TI-ansfer E\aluation and 
Approval procedure. 

7. PI-ior lo  free supernare removal from a Very Slo\r Generation Tank, i t  shall ( 
be verified that thc tank tines not contain an equivalent saltcake inventory 
g ~ a t e r  than 1 50 i~lclles in t lie Wasre Transfer E\!aluation and Approval 
procedure. 

Tank 1711 Iimlts are imposed for each \\,aste rank. T h e  tank fill limit will 
incorporate the lowesr .fill limit imposed by all programs o f  the DSA. 

'The DSA credits a maxim~rm wasre sror-age tank level for the most restrictive of  
rhe following six considerations: I 

Level at which the tank would physically overflo\v (typically through a 
sidewall penetratjod) (Ref. 30) 

Level at which the tank wall stresses woiild exceed a m:iximurn allowed value 
(limiting for only Type I and I1 tanks) (Ref. 31,32) 

Level above which it  would be physically possible to siphon \vaste from the 
tank through the cooling coils (applicable to only Tanks 1 and 2) . 

Level of the lowest known tank wall crack for a single-wall waste tank 

Level reqiiired to protect flammable transient :issumptions for waste tank 
trapped gas releases (Ref. 33,34) 

Level used to protect Tank C'las.\iiic:rtion (Rapid, Slow. Very Slo\\,) 



Fl>immal)ility 1,evel = establisl~cs tllc crc~l~tecl vapor \'olunlc, usccl 10 ~,~-olcc-t the 
Tank Cl;rssiTicatio~l, i n  

MMW = maxilnr~m ~llissirlg w;~stc volr~rrle dividcd h y  the f i l l  Inc~or, in  

The ;idjusted 1111 factor is iipplicd ;is ;in algal-ittrm 1 0  rcllcct varying f i l l  lnctol-s (hat 
adjust the estahlishetl tank calihrat ions :IS a resrrlt of' I llc displ;~cccl volrrn~c (>I I he 
support cone i n  the upper part of the tank: as :\pplic:lblc. 14.1s 'l'hc nori~irlnl f i l l  
factor (Rel'. 1 )  may be used to calculate the \jruste \.olume. Application of the 
norninal f i l l  factor i n  this way is conservative becat~se the T i l l  I'nctor o\:crestilllates 
the waste volun~e. The instrument uncertainty values are based on the HLLCP 
setpoint uncertainty calculations (Ref. 16, 17, 18, 19, 20). The HLLCP set point 
shall be documented i n  the ERD. 

As a result of pre-e\folutinn time to LFI, e\laluationc (e.:.. transfel-s. slr~dgc or salt 
removal) i t  may be necessary to changc the I~ILLCP hc~sh t  to protecr the desired 
Tank Classification. In these cases, an engineering e\.alu:ition shsll doculncnt the 
new HLLCP setring, taking into account maximum missing waste, instrument 
uncertainty, analytical analysis uncertainty, and ally add~tional margin deemed 
appropriate to protect the Tank Classification desired. WCS shall be I-evised wit I1 
the new HLLCP set point upon completion of the field \ i 8 0 r k .  

For saturated salt solutions, the potential for sall-pr-ecipitation exisrs ~vherl the 
tempcr-ature is decreased. As the temperature decreases, the solubility of the 
nitrate and nitrite ion decreases in the liquid phase. This decrease i n  the 
concentration of nitrate and nitrite cause the time to LFL to decrease, which may 
result in the need to lower the HLLCP. 

1 .  The most limiting of the maximum t i l l  levels for each individual waste tank 
shall be determined in tlle Waste Cllar:~ctrrization System, which is 

I I governed by the Waste Characterization System Administrative Program . 

2. WCS shall verify t h a t  the HLLCP set point protects the most limiting of the 
maximum f i l l  levels (:recounting for Maximum Missing Waste and  
instrument uncertainty) for each individual waste tank. 

3. Current HLLCP set points sllall be documented in the ERD. I 
4. Proposed HLLCP set points illat support pl;jrlned operations (c.g., waste 1 

tank to wiiste tank trnnsfcr-s) shall I>e documented by a n  engineering 
ev;\luatic>n. 



0 . J ' i ~ ~ l k  I'i11.m inlluc.111~ sliitl l hc updit~cd 1i1o1itlily i l l  WCS to c s ~ i \ ~ ~ r - c >  rli;ir r tic 
I-Il,L('I' is itc!j~~stcd at the apprcq7riate height in the ~ i t r i k  l o  nlainlain grcirtel- 
th;rn 7 days to 1,I'L ;rrld lank classification. 

7. W a t e  tank to waste tank transfers shall be pre-evaluated r n  the Waste 
'Transfer Evaluatio~r and Approval procedure. 

8. The  Waste Tank Stnlctur:rl Integrity Cognizant Enginecling l u ~ ~ c t i o n  shall 
maintain a rel'erence document(s) of current overflow linlits (all wasre 
tanks), stn~ctural integrity liriiits (all waste tanks), anti lowest kno~vii leak 
sites (only for single-wall tanks). 

WASIETANKS RERIOW F ~ O M  S ~ C E  

A requirement for tanks i l l  the Removed from Service Mode is that the hydrogen 
concentration at ecluilibrium conditions shall be less tlian 100% of the LFL 
considering the effects of atmospheric breathing. Using the Flammability 
Classification Methodology (Eq. # 6), the equilibriiim concentration car] be 
calculated. The criteria for-  neer ring the flammability reqilirernents of the 
Removed from Service Mode are the same for rneeting the criteria for meeting the 
Very Slow Generation I-equiren~ents, except that Removed from Service tanks 
shall assume an add i t i o~~a l  100,000 gallons of water (a l lo~vs  for the permitted 
liqllid additions described below arid rair~water in-leakage) are reduced from the 
initial vapor space volume existing at the time Removed .from Service inode is 
entered. Best management PI-actice will be to ensure Removecl from Ser\*ice 
tanks reach equilibrium at less than 95% of the LFL (same besl rnanager~le~it 
practice for Very Slow Generation Tanks). 

For tanks in the Removed from Service Mode, the amount of trapped gas in the 
tank solids shall not cause the peak flammable vapor concentration to reach 100% 
of the LFL, post seismic. Using the Seismic Time to LFL Methodology (Eq. # 7), 
the post seismic vapor space hydrogen concentration can be deternlined by adding 
the hydrogen equilibrium concentration to the post seismic trapped gas release. 
The  vapor space volume shall be based on actilal tank parameters and the addition 
of 100,000 gallons of water. Tile temperature limit used to reflect varying 
temperature conditions shall be determined in the i~idividual flammability 
evaluations based on tank conditions. 

Liquid additions to a waste tank that has been designated renioved from service 
are limited to those necessary to': 

Flush equip~nerit (e.g.,  pumps, jets) as  part of removalI i~~staIIa~ion.  and 

Maintain tank chemistry 

Waste additionsltransfers to or  I'rom a waste tank that 112s been dcsignatcd it.; 

Removed fro111 Service are l~rohihitcd. 111 ndtlition, opel-atioll 01' sltll-1')' 



I 

I .  An cnginccring ~ ~ a l ~ ~ i r ~ i o n  sh;tll I>c 1x1-formed lo cnsurc 11ic: K C I I I ~ V C : ~  I ' ror~i  
Scrvicc Il:lrnr~~;lhilily csilcria is met, prior lo placing n wasre slor-agc I;lnk ill 

RelI~ovcd l'rom Scl-vice Mode. 

Tlle comprcwr Iulx oil lx~)gfiun ensures d1at rur cornpxsas (10 na irltnxluce signi1ic;ult 
flammal.)le vaptxs C>S% CUX) inlo ana1)r;rm.I spxc-s (e-g., evapo~ntor pus, cv;qx)fitlor cclls, 
translb- fxilitics, witste talks, and waste tank iu~nuli). Kefercr~e 37 lists thc cuncntly ev;Jt~;tred 
wmprssor lubrication oils thar a 1  be used in the fxility widxxlt causing these rmalyzcrl viyxjr 
spxeq to exceed heir 5(7c CLFL rquiren~nt. In orxler to plrvent u~ievduatd cornprcw I t l k  

oils fium being used in the facility certain irnplernentation actions have been establistd to 
control the introduclion of IKW c o m p m  lube oils within the fxility. 

1 .  For installed facility compressors, the model work order-s for F and H Tank 
Farm's preventive maintenance shall ensure the use of approved lube oils. 

2. For portable compressors, the preventive maintenance 13rogr-am for these 
compressors shall ensure that o~lly approved lube oils ar-e used. The facil~ty 
shall ensure that only those compressors serviced under- an appropriate PM 
program are used in the facility. 

I 

The output docunle~~ts generated by this PDD shall ensure independent verification or \didation of I 
results and conclusjons. Output documents include, but are not linited to, calculations, procedu~s 
and technical reports. 

Calculations issued as output documents shall be confirmed calculations in accordance I 
with the requirements of the E7 Manual, Procedure 2.31. Technical Reports issued as 
output documents sliall comply with the requirements of E7 Manual, Procedure 3.60. 
Assumptions and recommendations from these reports shall be addressed in the Design 
Authority Technical Review (DATR) written against the Proposed Activity. Additionally, 
the output documents will he included in the USQ review process against the Proposed 
Activity per Manual 1 1 Q, Procedure 1.05. 

Best managelllent practice will he to limit releases such that the vapor sp:.tce does not 
exceed the TSR liyclrogcn concentration limit (i.e., as documented in the ERD), which 
accounts for potentir~l organics ( 5 %  LFI,) and instrument uncertainly accordirlg to the 
designareti safely urlalysis \'altle, l,y controlling slurry pump (or orher mixing dc\licc.) 
operalion pr-oced~~rcs. Atlditionillly, for tilrlks tl l i l t  require enlry irlto Gas Uelcasc. Motle, 
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scll)oilll , wllicll c~o~~\ItIc~-.s : I I ; I I . I ~  sc~poir~l I I I ( . I . C : I ~ C I I ~  Ii~ilil;tt~o~is to cIlsiIrc llic I'SI{ 
' I Ilycirc)gcn conccn~~-i~t io~l  lilnit is nor cxc.cctlctl-' . l'llc '1-Sli Ilydrogen corlcclltralion l i ~ l l i ~  

\ % , i l l  hc: dcsign;itctl in the 131iD. O11ce tllc ERlI is ;~pp~-ovcd, I his will drive the revisiorl ol' 
lllc Inslrumcnr Sc;tlirig ;inti Serpoint l>ocurllerl!, which will ;~llow ~~nplernen~atiori of tile 
rcqirirecl irldicared hydrogen co11cc11t1-ation reading antilor a l ; ~ - ~ n  sctpoirlt in Ihc facility. 
lieferences 4, 5 ,  and 6 provide instrunlent urlcertainty val~res for- a range in  various silfeIy 
analysis values, which are crliployed ro determine the TSR hydrogen concenrralion limil 
(i.e., i~ldica~ed hydrogen reading) arldlor aIarn~ serpoinr. 
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